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LKB1 GENE KNOCKOUT ANIMALS 

This application is a continuation-in-part of PCT/JP00/03504, filed May 31, 2000, 
which claims priority to Japanese Patent Application No. 1 1/153030, filed May 3 1 , 1999. 

TECHNICAL FIELD 

The present invention relates to mammals engineered to have a functional deficiency 
in the LKB1 gene as well as to a preparation method thereof. The human LKB1 gene is a 
causative gene of Peutz-Jeghers syndrome, and thus such mammals can be used to develop 
methods to treat the disease and therapeutic agents therefor. 

BACKGROUND 

Peutz-Jeghers syndrome (MIM 175200, PJS) is a human genetic disease the major 
symptoms of which include polyposis in the digestive tract and pigmental spot formation on 
mucous membranes and skin. PJS is inherited in an autosomal-dominant fashion. In 1997, 
Hemminki et al. reported that the causative gene for the disease was mapped on pl3.3 region 
of chromosome 19 based on the linkage analysis of PJS patient families (Hemminki et al., 
Nat. Genet. 15:87-90, 1997). There exists the novel serine/threonine kinase, LKB1, which 
was found by the present inventors in this region. Based on the fact, Jenne et al. predicted 
that this gene is a candidate for the causative gene and carried out mutational analysis of the 
LKB1 (STK1 1) gene in PJS patients. Their results showed that all the patients tested had 
mutations in the LKB1 gene (PCT/JP98-05357; Jenne et al., Nat. Genet. 18:38-43, 1998). In 
addition, other groups also reported similar results, one after another. More than 60 types of 
mutations in the LKB1 gene have been found to date in PJS patients (Hemminki et al., 
Nature 391:184-7, 1998; Nakagawa et al., Hum. Genet. 103:168-72, 1998; Restaetal., 
Cancer Res. 58:4799-801, 1998; Ylikorkala et al, Hum. Mol. Genet. 8:45-51, 1999). 
Further, the present inventors have demonstrated that the product of the LKB1 gene is a 
kinase having the ability of autophosphorylation, and that missense mutationsthat have been 
found in PJS patients result in loss of the kinase activity (Mehenni et al., Am. J. Hum. Genet. 
63:1641-50, 1998). 
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Based on these findings, it has been clarified that functional deficiency of the LKB1 
serine/threonine kinase due to gene mutations is the cause of PJS. 

Further, epidemiological studies have shown that PJS patients have markedly 
increased risks for the onset of a variety of cancers compared with healthy normal persons. 
Thus, it has been suggested that the PJS causative gene should have a tumor suppressor gene 
like activity. In fact, it has been reported that mutations are found in the LKB1 gene in some 
sporadic cancers unrelated to PJS. Therefore, it has been elucidated that functional 
inactivation of the LKB1 gene is related to general sporadic cancers (Dong et al, Cancer Res. 
58:3787-90, 1998; Rowan et al., J. Invest. Dermatol. 1 12:509-1 1, 1999; Guldberg et al., 
Oncogene 18:1777-80, 1999). However, specific physiological functions of LKB1 in normal 
cells as well as the mechanism for polyposis or cancerization induced by its functional 
inactivation has remained obscure. 

SUMMARY 

This situation led to the present invention, and the object of the present invention is to 
provide non-human mammals useful for analyzing LKB1 functions and for developing 
agents to treat diseases caused by LKB1 mutations. More specifically, the object of the 
invention is to provide knockout animals, in which the expression of the LKB1 gene is 
artificially suppressed, as well as to provide methods for preparing the animals. In a 
preferred embodiment, the present invention provides non-human mammals in which 
deletion of the endogenous LKB1 is achieved in an inducible manner. 

The present inventors created mammal models, in which the LKB1 gene is artificially 
deleted, or in which the deletion can be induced. Specifically, as shown in the Examples, a 
mouse LKB1 gene (both the genomic DNA and cDNA) was cloned; a vector for homologous 
recombination was constructed using the cloned gene; the vector was introduced into mouse 
embryonic stem cells (ES cells) to obtain recombinant clones; and the clone was introduced 
back to an individual mouse which then enabled acquisition of mice having mutations in the 
LKB1 gene. The present inventors used Cre-loxP system (described later) in creating the 
recombinant mouse, and thus, achieved phase-specific and tissue-specific induction of 
mutations in the LKB1 gene. According to this method, the inventors overcame the previous 



problem of potential embryonic lethality caused by the inactivation of the gene of interest. 
The mammals in accordance with the present invention (and cell lines established thereof) 
are expected to be useful as tools to study the onset mechanism of a variety of diseases 
caused by LKB1 gene deficiency, such as PJS and cancers, and furthermore, are highly 
5 useful tools in the development of therapeutic methods and agents for these diseases. Thus, 
these mammals and cells are expected to be used for various purposes. 

The present invention relates to non-human mammals, in which the expression of the 
LKB1 gene can be or is artificially suppressed, as well as methods for creating the same. 
More specifically, the present invention relates to the following: 
10 ( 1 ) a non-human mammal in which the expression of the endogenous LKB 1 gene 

can be artificially suppressed; 

(2) the non-human mammal of (1), wherein the suppression of the expression of 
H the endogenous LKB 1 gene is induced by deleting at least a part of the gene or the regulatory 
q region thereof; 

35 (3) the non-human mammal of (1) or (2), wherein at least a part of the LKB 1 

If! gene or the regulatory region thereof in the genome is inserted between at least a pair of loxP 
L sequences; 

(4) the non-human mammal of any of (1 ) to (3), wherein the mammal is a rodent; 
h (5) the non-human mammal of (4), wherein the rodent is a mouse; 

;2o (6) a non-human mammal wherein the expression of the endogenous gene 

Q encoding LKB1 is artificially suppressed; 

(7) the non-human mammal of (6), wherein the expression of the endogenous 
gene encoding LKB 1 is suppressed by a defect in at least a part of the gene or the regulatory 
region thereof; 

25 (8) the non-human mammal of (6) or (7), wherein the mammal is a rodent; 

(9) the non-human mammal of (8), wherein the rodent is a mouse; 

(10) a non-human mammalian cell wherein the suppression of the expression of the 
endogenous gene encoding LKB1 can be artificially induced, further wherein the cell can be 
differentiated or developed into an individual mammal; 
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(11) the non-human mammalian cell of (1 0), wherein the suppression of the 
expression of the endogenous gene encoding LKB1 is induced by deleting at least a part of 
the gene or the regulatory region thereof; 

( 1 2) the non-human mammalian cell of ( 1 0) or ( 1 1 ), wherein at least a part of the 
LKB1 gene or the regulatory region thereof in the genome is inserted between at least a pair 
of loxP sequences; 

(13) the non-human mammalian cell of (12), wherein the cell contains the Cre gene 
in an expressible manner; 

(14) the non-human mammalian cell of any of (10) to (13), wherein the cell is a 
rodent cell; 

(15) the non-human mammalian cell of (14), wherein the cell is a mouse cell; 

(16) the non-human mammalian cell of any of (10) to (15), wherein the cell is an 
embryonic stem cell; 

(17) a non-human mammalian cell, wherein the expression of the endogenous gene 
encoding LKB1 is artificially suppressed, further wherein the cell can be differentiated or 
developed into an individual mammal; 

( 1 8) the non-human mammalian cell of ( 1 7), wherein the expression of the 
endogenous gene encoding LKB1 is suppressed by a defect in at least a part of the gene or 
the regulatory region thereof; 

(19) the non-human mammalian cell of (1 8), wherein the cell can be obtained by 
expressing the Cre gene in the non-human mammalian cell described in (12); 

(20) the non-human mammalian cell of any of (17) to (19), wherein the cell is a 
rodent cell; 

(21) the non-human mammalian cell of (20), wherein the cell is a mouse cell; 

(22) the non-human mammalian cell of any of (1 7) to (21), wherein the cell is an 
embryonic stem cell; 

(23) a method for creating the non-human mammal described in any of (1) to (5), 
which comprises the following steps: 

(a) introducing the non-human mammalian cell described in (1 6) into an 
embryo obtained from a pregnant female; and 



(b) transplanting the embryo into the uterus of a pseudopregnant female; 

(24) a method for creating the non-human mammal described in any of (6) to (9), 
which comprises the following steps: 

(a) introducing the non-human mammalian cell described in (22) into an 
embryo obtained from a pregnant female; and 

(b) transplanting the embryo into the uterus of a pseudopregnant female; 

(25) a method for creating the non-human mammal described in (7), which 
comprises the following steps: 

(a) providing a fertilized egg or embryo from the non-human mammal 
described in (3); 

(b) expressing the Cre gene in the fertilized egg or embryo after 
introduction of the gene; and 

(c) transplanting the fertilized egg or embryo into the uterus of a 
pseudopregnant female; 

(26) a method for creating the non-human mammal described in (7), which 
comprises the step to introducing the Cre gene into the non-human mammal described in (3) 
and expressing the gene; and 

(27) a method for creating the non-human mammal described in (7), which 
comprises the step of mating the non-human mammal described in (3) with a non-human 
mammal containing a Cre gene in its genome and obtaining their offspring. 

According to the present invention, "suppression of the gene expression" includes 
complete suppression and partial suppression, as well as suppression under specific 
conditions and also suppression of the expression of either one of the two alleles. 

Construction of a vector for homologous recombination (knockout) 

In order to create a knockout animal in which the expression of the LKB1 gene is 
artificially suppressed, first the LKB1 gene is cloned and then a vector for homologous 
recombination is constructed by using the gene to inactivate the endogenous LKB1 gene in 
the target animal. 



The vector for homologous recombination contains a nucleic acid sequence designed 
to inactivate the endogenous LKB1 gene in the target animal. Such a nucleic acid sequence 
can be, for example, a nucleic acid sequence of the LKB1 gene or the regulatory region 
thereof containing at least a partial deletion, or alternatively it can be a nucleic acid sequence 
of the LKB1 gene or the regulatory region thereof containing other genes. A gene which can 
also function as a marker is preferably selected as the gene to be inserted into the LKB1 gene 
or the regulatory region thereof. The insert genes to be used include, for example, drug- 
resistance genes, such as the neomycin-resistance gene (selected by G418 resistance), the 
thymidine kinase gene (selected by ganciclovir), etc.; toxin genes, such as the diphteria toxin 
(DT) A gene, etc.; or combinations of these genes. There is no particular limitation on the 
position where the genes may be inserted in the LKB1 gene, so long as the insertion at that 
position results in the suppression of the expression of the endogenous LKB1 gene in the 
target. 

Alternatively, the nucleic acid sequence may comprise introns of the LKB1 gene in 
which the loxP (locus of X-ing-over)sequence derived from phage DNA is inserted at more 
than 2 sites. 

The loxP sequence is a sequence recognized by Cre recombinase (Causes 
recombination), a site-specific recombination enzyme (Sternberg et al., J. Mol. Biol. 
150:467-486, 1981). The Cre recombinase recognizes dual loxP sequences, and catalyzes a 
site-specific recombination between these sites which results in the removal of the gene 
located between the loxP sequences (hereinafter abbreviated as Cre-loxP system). The Cre- 
loxP system used to direct site-specific DNA recombination in transgenic animals is 
described in Orban et al. (1992) Proc Natl Acad Sci USA. 89(15):6861-5, the contents of 
which are incorporated herein by reference in their entirety. 

An application example that uses this system is shown in FIG. 5. It is possible to 
prepare embryonic stem cells (ES cells) of the following two types: (1) the cell containing 
conventional gene deletion (type 1), and (2) cell having conditional gene deletion (type 2), by 
constructing a vector having 3 loxP sequences for homologous recombination, then 
introducing the vector, for example, into ES cells to obtain recombinant cells, and allowing 
for the transient expression of the Cre recombinase in the resulting ES cells. When a 



construct with 3 loxP sequences is used, two types of ES cell clones, each having distinct a 
genotype, can be advantageously prepared from a single type of recombinant ES cell merely 
by expressing the Cre recombinase. An individual derived from the type-2 ES cell exhibits 
the wild-type phenotype, but it can be converted to type 1 by expressing the Cre recombinase 
gene. 

Instead of the Cre-loxP system, it is also possible to use the combination of the FRT 
(Flp recombinase target) sequence and Flp recombinase from yeast which recognizes the 
sequence for site-specific recombination. 

The insertion of these genes into the cloned LKB1 gene can be carried out in vitro by 
using conventional DNA recombination techniques (Sambrook et al., Molecular Cloning, 
Cold Spring Harbor Laboratory Press, 1989). 

Transfection of the cell 

The homologous recombination vector constructed as above is introduced into a non- 
human mammalian cell capable of differentiating (or developing) into an individual mammal 
(for example, an ES cell) for homologous recombination with the LKB1 gene in the cell. 
There is no particular limitation on the type of the organism from which the non-human 
mammalian cell to be used in the present invention is derived, but preferably it is a rodent 
such as mouse, rat, hamster, rabbit, and so on. 

The introduction of the homologous recombination vector into cells can be performed 
by methods well known to those skilled in the art, for example, the electroporation method. 
The introduction results in recombination between the cellular LKB1 gene and the 
corresponding region of the homologous recombination vector in some population of the 
cells. In this manner, the wild-type gene is substituted with the gene having the genotype 
constructed in the homologous recombination vector. Thus, it is possible to obtain cells 
having an LKB1 gene in which a marker gene and/or loxP sequences have been introduced. 

When the homologous recombination vector contains a marker gene, cells can be 
selected according to this marker gene as an index, due to the loss of the LKB1 gene and the 
acquired marker gene at the same time in cells where desired homologous recombination has 
taken place. For example, when a drug-resistance gene is used as the marker gene, cells in 



which the desired homologous recombination has taken place can be selected by culturing 
the cells in the presence of the drug at a lethal level subsequent to the introduction of vectors, 

However, when the Cre-loxP system is used, in some cases, the vector for 
homologous recombination is designed so that the loxP sequence and the marker gene are 
integrated into the introns, and accordingly, the LKB1 gene is not always inactivated in the 
cells. In this system, inactivation of the LKB1 gene can be achieved by expressing the Cre 
recombinase in the cells to remove the region inserted between a pair of loxP sequences. 

The Cre recombinase in the cells can be expressed, for example, by methods 
employing expression vectors such as adenoviral vectors, or alternatively by mating 
transgenic animals in which the expression of Cre is regulated by a promoter capable of 
regulating the expression in a tissue-specific or phase-specific manner with mammals having 
the Cre-loxP system. The first mating of a transgenic animal having regulated Cre 
expression with another animal having the Cre-loxP system, results in knockout newborns in 
which only one allele of the LKB1 gene is deleted (heterozygote), but by further mating these 
animals, knockout animals in which both alleles of the LKB1 gene are deleted can be 
obtained. 

Injection into embryos and transplantation of embryos 

When ES cells are used in the present invention, the cells are injected into blastocysts 
to prepare chimera embryos. Further, the chimera embryos are transferred into the horn of 
uterus of pseudopregnant mammals to obtain newborns. The blastocysts to be used for the 
injection can be obtained by perfusing the uterus of a pregnant female. To determine 
whether or not the ES cell has been incorporated in the developing embryo after the creation 
of an individual mammal, it is preferable to select the type of blastocyst that gives different 
external characteristics (for example, fur color) to distinguish the origin of a cell, whether it 
is derived from the ES cell or blastocyst, in the created animal. 

Subsequently, newborns are obtained by mating the resulting chimera animal with an 
animal of an appropriate strain of the same species. When the germline of the chimera 
animal is derived from the homologous recombinant ES cell, it is possible to obtain 
newborns in which the LKB1 gene has been deleted. However, when the Cre-loxP system is 
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used, some of the homologous recombination vectors may be designed to integrate the loxP 
sequence and the marker gene into an intron. In this case, the LKB1 gene is not always 
inactivated. In such cases, it is possible to inactivate the LKB1 gene by expressing the Cre 
recombinase in the somatic cell or germline cell, such as fertilized egg. 

When somatic cells other than ES cells are used in the present invention, it is possible 
to create a knockout animal by using techniques for creating somatic cell cloned animals. 
Specifically, for example: 

1) a cell that contains a gene to which a mutation is introduced through the 
homologous recombination is established by the same method as that used for ES cells, using 
cells other than ES cells such as fibroblast cells; 

2) an animal carrying the mutated gene is created from this cell by using the 
method for creating somatic cell cloned animals (Wilmut et al, Nature 385:810-803, 1997; 
Wakayama et al, Nature 394:369-374, 1998). 

3) the resulting animal newborn carrying the mutated gene corresponds to the Fl 
mouse of the method using the ES cell, and can be used thereafter according to a same 
manner as the ES cell. 

Use of the knockout animal 

Knockout animals of the present invention are useful for developing therapeutics and 
methods to treat a variety of diseases caused by functional defects of the LKB1 gene. For 
example, a test compound is administered to the knockout animals of the present invention, 
and the influences on polyp formation, carcinogenesis, and pigment macule formation are 
tested to select compounds exhibiting desired effects. 

Furthermore, cells prepared from knockout animals can be used for developing 
therapeutics or treatment methods. For example, cells are prepared from embryos and such 
from knockout animals of the present invention, and then a test compound is added to the 
cells to determine the influence on cell proliferation, ability to form colony in soft agar or the 
like, focus forming ability, cell motility, and such, and thereby selecting compounds 
exhibiting the desired effect. The cells may be primary culture cells or established cell lines. 
The compounds screened are candidates for pharmaceutical agents. 



DESCRIPTION OF DRAWINGS 

FIG. 1 shows the exon/intron structure of the mouse LKB1 gene. Each exon is 
indicated by a box. In particular, portions encoding the protein are represented by shaded 
boxes. The two boxes under the structure indicate the region which is covered by the two 
cosmid clones, respectively. 

FIG. 2 shows the nucleotide sequence of the mouse LKB1 gene from exon 2 to exon 
1 0. The exon regions are indicated in uppercase letters and intron regions in lowercase 
letters. 

FIG. 3 is a continuation of FIG. 2. 
FIG. 4 is a continuation of FIG. 3. 

FIG. 5 shows an example of application of the Cre-loxP system. Closed triangle 
represents the loxP sequence. The expression of Cre recombinase results in site-specific 
homologous recombination, which provides two genotypes (type 1 and type 2). 

FIG. 6 shows the structures of the F23 synthetic linker and loxP2 synthetic linker. 

FIG. 7 is a schematic illustration of the homologous recombination vector and the 
resulting genotype constructed by the introduction of the vector. The recombinant allele is 
generated by homologous recombination, which occurs in the region marked as X. Two 
genotypes, conditional targeting and conventional targeting, are generated by the expression 
of the Cre recombinase. 

FIG. 8 shows photographs of the result of genotype testing of each ES cell clones. 
The presence of the recombinant mutant allele has been confirmed by the PCR analysis (left 
panel) and Southern blot analysis (right panel), respectively. 

FIG. 9 shows a photograph of genotype testing by Southern blotting of the Fl mice 
obtained by mating the chimera mice. A band for the mutant allele together with that of the 
normal allele is seen in the mice shown on the right panel, demonstrating that the mutant 
allele in ES cell has been transmitted to the Fl mice. Indicated numerals correspond to ES 
cell clones from which each mouse had been derived. 

FIG. 10 is a schematic illustration of the recombinant allele, conditional allele, and 
null allele. Relative positions of the respective primers and probes are shown. 
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FIG. 1 1 - Panel A is a photograph showing the result of PCR using the primer set (set 
A) used for detecting the null allele. N denotes a sample showing the band (about 2.1 kbp) 
corresponding to the null allele; O, a sample showing other alleles. 

Panel B is a photograph showing the result of PCR using the primer set (set B) 
detecting the null allele. N denotes a sample showing the band (about 1 .2 kbp) 
corresponding to the null allele; O, a sample showing other alleles. 

Panel C is a photograph showing the result of Southern blot analysis using probe 7. 
N denotes a sample showing the band corresponding to the null allele; W, a sample showing 
only the band derived from the wild-type allele. All the samples show the band derived from 
the wild-type allele. 

DETAILED DESCRIPTION 

The present invention is illustrated in detail below with reference to the Examples, 
but is not to be construed as being limited thereto. 

Example 1 : Preparation of a homologous recombination vector of the LKB1 gene 

In this Example, first the genomic gene of mouse LKB1 was cloned to construct a 
homologous recombination vector of the mouse LKB1 gene. A homologous recombination 
vector in which the neomycin-resistance gene and diphteria toxin A gene had been inserted, 
was constructed to carry out the positive/negative selection using the genomic DNA clone 
according to the method reported by Yagi et al. (Yagi et al., Analytical Biochemistry 214:77- 
86, 1993). In this experiment, three loxP sequences in total were inserted, that is, at both 
ends of the neomycin-resistance gene and also into intron 8 of the LKB1 gene, in the same 
direction to achieve site-specific homologous recombination mediated by the Cre 
recombinase. The procedure is specifically described below. 

A. Cloning of the mouse LKB1 gene 

Several mouse-derived ESTs (Expressed Sequence Tag) exhibiting high homology to 
the human sequence were revealed by searching in the database for the sequence of human 
LKB1 cDNA. Based on these sequences, MPJ 85 primer 
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(5-GATGAATTCCGAAGGACAGAGGACAAAGAGTGG-3', SEQ ID N0:4) and LK E2 
primer (5 1 - 

GATGAATTCTTAGAGGTCTTCTTCTGAGATGAGCTTCTGCTCCTGCTGCTTGCAG 

TM 

GCCGA-3', SEQ ID N0:5) were prepared and PCR was carried out using Marathon Ready 
cDNA (CLONTECH) derived from mouse 17-day embryo as the template to amplify the 
cDNA comprising the entire open reading frame (ORF) of the mouse LKBL The resulting 
products were digested at the EcoRI sites attached to both ends of the primers, and then the 
digest was subcloned into pcDNA3 vector (Invitrogen). The sequence of the gene was 
determined by sequencing the multiple clones obtained. Further, the 5' end of mouse LKB1 
cDNA was cloned by 5' RACE (method for Rapid Amplification of cDNA Ends). 
Specifically, the fragment of about 400-bp amplified by PCR using mouse 17-day embryo 
derived Marathon Ready™ cDNA (CLONTECH) as the template and primers: MPJ15 primer 
(5'-TGCGCAGCTTTTTCTTCTTGAGGA-3 \ SEQ ID NO:6) and the adaptor primer (API 
primer) attached to the kit was subcloned into the pT7Blue-T vector (Novagen) according to 
the TA cloning method. Several subclones thus obtained were sequenced to determine the 5' 
end sequence of the mouse LKB1 cDNA. The determined sequence of the mouse LKB1 
cDNA is shown in SEQ ID NO:l, and its amino acid sequence in SEQ ID NO:2. 

The mouse LKB1 genomic DNA was cloned as follows: 

A genomic DNA library of mouse (129/Olastrain) immobilized on a filter was 
purchased from the German human genome project resource center (RZPD). The library has 
the following features: 

Genomic DNA: DNA prepared from spleen cells of 129/Ola mouse; partially digested 
with Mbol. 

Vector: cosmid vector lawrist 7. 

The hybridization on this filter, using the human LKB1 cDNA as a probe, and 
washing of the filter were carried out under a commonly used condition. Accordingly, 
positive signal for two clones, P2436Q3 (clone 243) and L07209Q3 (clone 072), were 
detected. These clones were purchased from RZPD and it was confirmed by PCR that they 
contained the mouse LKB1 gene. Specifically, E. coli containing each of the cosmid clones 
was cultured in LB medium containing 30 jag/ml kanamycin, and then the cosmid DNA was 
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prepared by alkali-SDS method using the QIAGEN maxi kit (Qiagen). It was verified that a 
fragment of the mouse LKB1 gene was amplified by the PCR using the cosmid DNA as the 
template, and DJ666primer (5'-GGTGATGGAGTACTGCGTGTG-3\ SEQ ID NO:7) and 
MPJ18primer (S'-GGTGAAGTCTCCTCTCCCAATGTT-S', SEQ ID NO:8). 

The nucleotide sequence of the mouse LKB1 gene was directly sequenced from the 
gene, amplified as separate fragments by PCR from the cosmid DNA, using primers designed 
based on the mouse LKB1 cDNA sequence and others. The determined genomic DNA 
sequence was compared with the cDNA sequence to determine the exon/intron structure. 
The results showed that each of the two clones contained part of intron 1 to exon 10, and that 
intron 1 contained in clone 072 was several kbp longer than the other clone (FIG. 1). 
Subsequently, a fragment containing the remaining part of intron 1 as well as exon 1 was 
cloned by PCR using MPJ67 primer (5 ? -ACTGCAGCTGACCCAAGCCAGGAT-3 ? , SEQ ID 
NO:9), designed to correspond to the sequence within intron 1, MPJ13 primer 
(5'-CGAAGGACAGAGGACAAAGAGTGG-3 \ SEQ ID NO: 10), designed to correspond to 
the sequence of the 5' untranslated region (UTR) of mouse LKB1 cDNA, and the mouse 
genomic DNA as the template. The region from exon 1 to exon 10 of the mouse LKB1 
genomic DNA was cloned by the procedure as described above. A schematic figure of the 
exon/intron structure of the mouse LKB1 gene is shown in FIG. 1 . In addition, the 
nucleotide sequence from exon 2 to exon 10 is indicated in SEQ ID NO:3. FIGs. 2, 3, and 4 
also show this nucleotide sequence, in which exons are indicated with uppercase letters and 
introns with lowercase letters. 

B. Construction of a homologous recombination vector 
The mouse LKB1 gene contained in clone 072 cosmid DNA was divided into 
4 fragments (fragments 1 to 4, FIG. 1) by Hindlll digestion, and each fragment was 
subcloned into a plasmid vector. Specifically, the DNA of cosmid clone 072 was first 
digested with Sfil, and then, the digested ends were blunted by a method using the TaKaRa 
DNA blunting kit (TaKaRa). The resulting fragment was further digested with Hindlll, and 
the resulting fragment of about 8 kbp (fragment 1) was inserted into a pBluescript II vector 
(TOYOBO) at the Smal/Hindlll site to obtain clone MGF-10. The DNA of cosmid 
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clone 072 was also digested with Hindlll, and then, each of the resulting fragments, one 
fragment of about 4kbp (fragment 2) and two fragments of about 1 kbp (fragments 3 and 4), 
were inserted into pUC18 vector (Pharmacia) at the Hindlll site to obtain clone MGG-1 
(fragment 2), clone MGD-2 (fragment 3), and clone MGD-3 (fragment 4), respectively. 

Vectors for homologous recombination were constructed from these subclones by the 
following procedure. Fragment 1 digested with Notl/Xhol from clone MGF-10 was first 
inserted into the Notl/Xhol site of the plasmid containing the diphteria toxin A gene and 
mRNA-destabilizing sequence (A+T) (DT-A cassette B, Yagi et al., Analytical Biochemistry 
214:77-86, 1993) to obtain clone LT1. The synthetic linker, F23 (FIG. 6) (the upper 
sequence, SEQ ID NO:l 1; the lower sequence, SEQ ID NO: 12), was inserted between the 
Avalll site of clone MGG-1 and the EcoRI site of the vector to obtain clone LT2. The 
fragment (fragment 2) digested with Hindlll/Clal from LT2 was inserted into the 
Hindlll/Clal site of clone LT1 to obtain LT4. The loxP2 synthetic linker (FIG. 6) (the upper 
sequence, SEQ ID NO:13; the lower sequence: SEQ ID NO:14) was inserted into the 
Spel/Xhol site of the pBluescript II vector to prepare clone loxP2. The neomycin-resistance 
gene (without any polyadenylation signal) was inserted into the EcoRI/BamHI site of this 
clone, and clone loxP2/neo-, a cassette of the neomycin-resistance gene inserted between two 
loxP sequences, was obtained. The neomycin-resistance gene was cut out from this clone by 
Hindlll digestion, and then inserted at the Hindlll site between fragment 1 and fragment 2 of 
LT4 (intron 1) to obtain clone LT-5. A fragment containing fragment 3 to which a loxP 
sequence and XhoI/Clal/KpnI/CfrlOI site had been added to its 5' side was amplified by PCR 
using clone MGD-2 as the template, and by using LOXP3 Al primer 
(5-GATGTTCCACCTCGAGCCCAGGCTCCAGAGGTCAGT-3', SEQ ID NO: 15) and 
LOXP3 S3 primer (5'- 

GATCTCGAGATCGATGGTACCGGTGTTCCACATAACTTCGTATAGCATACATTAT 
ACGAAGTTATCTGTCCACTGTGTCTGCAGGT-3', SEQ ID NO: 16). The resulting PCR 
products were inserted into the Xhol site of the pBluescript II vector to obtain clone LT3. 
Finally, fragment 3 having the loxP sequence attached to the 5' side was digested from clone 
LT3 by Clal and Xhol, and then was inserted into the Clal/Xhol site of clone LT5 on the 3' 
side of fragment 2 to obtain the homologous recombination vector LT6. 
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This vector had the following features (FIG. 7): 

(i) the neomycin-resistance gene, having the loxP sequence attached to both ends 
is inserted in intron 1, and another loxP sequence inserted in intron 8; 

(ii) a Kpnl site attached to the loxP sequence inserted in intron 8, and therefore, 
the mutant allele derived from this vector can be identified by Southern blotting; 

(iii) the diphteria toxin A gene as a marker gene for negative selection; and 

(iv) homologous parts to the wild type LKB1 gene comprising the region of about 
7 kb upstream of the neomycin-resistance gene, the region of about 4 kb from the neomycin- 
resistance gene to the loxP sequence in intron 8, and the region of about 0.9 kb downstream 
of the loxP sequence in intron 8. 

Example 2: Establishment of ES cells carrying a mutated LKB1 gene resulting from 
homologous recombination 

In this Example, the homologous recombination vector was introduced by the 
electroporation method into mouse ES cells (AB2.2-Prime ES Cells; LEXICON, The Mouse 
Kit), and subsequently, the cells were selectively cultured in the presence of G418. The 
resulting G418-resistanct colonies were tested for the recombinants by PCR and Southern 
blotting. More specifically, the procedure was conducted as follows: 

60 jag DNA of the homologous recombination vector (LT6) was digested with NotI to 
linearize and purify the DNA. The DNA was suspended into a electroporation buffer 
(LEXICON, The Mouse Kit ESQPBS) containing 3xl0 7 mouse ES cells (AB2.2-Prime ES 
Cells; LEXICON, The Mouse Kit), and gene introduction was conducted under a condition 
with a field strength of 575 V/cm and a Capacitance of 500 \\F. 24 hours after the 
introduction, the cells were cultured for selection in a medium containing G418 (Genetisin, 
Sigma) at a final concentration of 300 jug/ml. 

Dulbecco's modified Eagle's culture medium (GIBCO DMEM 1 1965-092), 
containing fetal calf serum (FBS) at a final concentration of 15%, L-glutamine (GIBCO 
25030-081) at a final concentration of 2 mM, penicillin at a final concentration of 50 U/ml 
and streptomycin at a final concentration of 50 p-g/ml, was used to culture ES cells. 
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Further, ESQ Feeder cells (LEXICON, The Mouse Kit) were used as feeder cells for 
ES cell culture; and ESQ DMEM containing FBS at a final concentration of 7% was used as 
the culture medium. ESQ Feeder cells (5x1 0 7 cells/vial) were rapidly thawed at 37°C. Then 
the cell count was adjusted to 4.4x1 0 5 cells/ml with medium for feeder cells. The resulting 
cell suspension was dispensed into gelatin-precoated culture dishes (LEXICON, The Mouse 
Kit ESQ Gelatin); 12 ml/well in 100-mm § dish, 4 ml in 60-mm § dish, 2 ml/well in 6-well 
plate, 0.5 ml/well in 24-well plate, and in 75 (id/well in 96-well plate. Thus prepared feeder 
cells were used within 3 weeks. 

1 1 days after the gene was introduced, G418-resistant colonies formed were passaged 
into wells of 96-well microplate as follows. Specifically, G418-resistant colonies were 
transferred into a 96-well microplate (Corning 25860MP) containing 30 \il TE solution 
(Gibco, Trypsin-EDTA 25200-072) by using a micropipette, and was left for several minutes. 
70 pi of ES cell culture medium was added to each well, and then the cells were dispersed 
into single cells by pipetting. The cell suspensions were transferred into wells of a 96-well 
microplate (Falcon 3072) and then the cells were further cultured. After 3 days, when the 
cells had grown to confluence in wells of the 96-well microplate, the cells were divided into 
two batches as follows. Specifically, 25 |il TE was added to disperse the cells, and then the 
25 \il ES cell culture medium was added to further disperse the cells into single cells by 
pipetting. Then, 50 \il of 2x Freezing medium (LEXICON, The Mouse Kit ESQ 
DMEM:ESQ FBS:DMSO=2:2:l) was added, 20 pi thereof was passaged to a gelatin-coated 
96-well microplate (Iwaki 4860-020) containing 150 jal of ES cell medium, and was cultured 
to extract the DNA for the recombinant test by PCR. 100 jal of liquid paraffin (sterilized 
with a 0.2 pm filter) was added to the remaining ES cells, and then the cells were stored 
frozen at -80°C. The ES cells for DNA extraction were cultured in the absence of the feeder 
cell, but ES cells for other purposes were always cultured with the feeder cells. The test for 
the recombinant was carried out by PCR as follows. Specifically, medium was removed 
from each well of the 96-well microplate where the cells had grown to confluence, Lysis 
buffer (5 jil lOx Taq buffer, 5 jal 5 % NP-40, 4 pi Proteinase K, 36 \xl H 2 0) was added 
thereto, and the resulting mixture was incubated at 55°C for 2 hours. The lysed sample was 
removed into a 0.5-ml tube, and then treated at 95°C for 15 minutes. Subsequently, the 
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sample was centrifuged at 10,000 rpm for 10 to 15 minutes, and 1 pi of the resulting 
supernatant was used as the template DNA for PCR analysis. 

The PCR primers were designed to amplify a region of about 2.1 kb located between 
the 3' loxP in the homologous recombination vector and exon 10, which is not included in 
the homologous recombination vector. 

Specifically, the PCR was carried out by using LOXP3 S2 primer (5- 
CCGGTGTTCCACATAACTTC -3', SEQ ID NO: 17) that contains the loxP sequence 
inserted in intron 8 and MPJ37 primer (5'-GTTTCCCAAGCTTTATnATTGCC-3', SEQ ID 
NO: 18) corresponding to the sequence of exon 10. The PCR condition was as follows: 
Composition of the reaction solution 

lOx ExTaq buffer (TaKaRa) 5 pi 

2.5 mM dNTPs 4 pi 

ExTaq (TaKaRa) 0.5 pi 

20 pM LOXP3 S2 primer 1 pi 

20 pM MPJ37 primer 1 pi 

sample 1 pi 

H 2 0 37.5 pi 

Reaction condition 
94°C, 2 min -> (94°C, 30 sec -»■ 68°C, 4 min) x 36 cycles -> 72°C, 10 min 

Clones estimated to be the recombinant based on the results of PCR were further 
verified by Southern blotting. Specifically, genomic DNA prepared from ES cells were 
digested with the restriction enzyme Kpnl and then electrophoresed in a 0.8% agarose gel. 
The bands were transferred onto a Hybond N+ positive charged filter, (Amersham)and 
hybridization was performed using a fragment of about 700 bp containing exons 9 and 10 
(probe 1) as a probe. Probe 1 was obtained by PCR amplification of clone 072 cosmid DNA 
as the template using MPJ22 primer (S'-CAGCAGCAAGGTGAAGCCAGAAGG-S', SEQ 
ID NO: 19) and MPJ37 primer (SEQ ID NO: 1 8) (above-mentioned). The hybridization was 
carried out by using ExpressHyb™ Hybridization solution (CLONTECH) according to the 
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provider's instruction. The allele produced by homologous recombination yields a band that 
is about 2.6-kb shorter as compared to the wild-type allele, due to the presence of a Kpnl site 
artificially added to the loxP sequence in the recombinant. The identification of the 
recombinant was based on the presence of this band. There were 4 recombinant clones 
(clone 236, clone 256, clone 260, and clone 358) among the tested 562 clones that were 
resistant to G418. The result of the PCR analysis was completely consistent with that by 
Southern blot analysis (FIG. 8). 

Clones identified as products of homologous recombination by PCR and Southern 
blot analysis were thawed by incubation at 37°C of the 96-well plate which had been stored 
in a frozen state, and then were passaged on a 24-well plate. The 24-well plate was 
incubated at 37°C for 24 hours, and then the medium was changed to remove DMSO and 
liquid paraffin. When each of the clones had grown to 75-90% confluence, the cells were 
passaged from the 24-well plate to a 6-well plate. Further, when the cells in two wells had 
grown to 75-90% confluence in the 6-well plate, then the cells in one well were frozen and 
stored, and the cells in the other well were used for blastocyst injection and DNA extraction. 

Cells were frozen and stored as follows. Specifically, cells were rinsed twice with 
ESQ PBS, and 0.5 pi of ESQ Trypsin (Lexicon, The Mouse Kit) was added thereto. After 
trypsin treatment at 37°C for 15 to 20 minutes, 0.5 ml ES Cell medium was further added 
thereto, and the cells were completely dispersed into single cells by pipetting 35 to 40 times. 
This cell suspension was transferred into a 15-ml centrifuge tube, the well was further rinsed 
with another 1 ml of ES Cell Medium, and the wash solution was added to the same tube. 
The tube was centrifuged at 1,000 rpm for 7 minutes, and the medium was removed from the 
tube. The pellets were resuspended in 0.25 ml of ES Cell Medium, and 0.25 ml of 2x 
Freezing medium was added thereto. The content of the well was transferred into a 
cryogenic vial, was frozen at -80°C, and stored in liquid nitrogen. 

ES cells to be used for blastocyst injection and DNA extraction were completely 
dispersed into single cells, then one quarter thereof was injected into blastocysts and the 
remaining one third and two third of the remaining cells were passaged into gelatin-coated 
60-mm dishes, respectively. The former cells grown to confluence were used to extract 
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genomic DNA for Southern blot analysis, and the latter cells grown to confluence were 
divided and frozen as three samples. 

Example 3: Preparation of chimera mice using ES cells carrying the recombinant LKB1 gene 

Chimera embryos were prepared from ES cell clones, in which the occurrence of 
homologous recombination had been confirmed, using blastocysts from C57BL/6J mice as 
the host embryos. The chimera embryos were transplanted in the horn of uterus of 
pseudopregnant mouse to obtain newborns. The collection of host embryos was performed 
on the second day of pregnancy by perfusing the oviduct and uterus with Whitten's medium 
containing 100 \M EDTA. 8-cell embryos or morulae were cultured in Whitten's medium 
for 24 hours. The resulting blastocysts were used for the injection. ES cells to be used for 
the injection were passaged for 2 or 3 days and then dispersed by the treatment with TE. The 
cells were allowed to stand at 4°C before microscopic manipulation. 

The injection pipette used for ES cell manipulation was a polar body extrusion pipette 
(inner diameter of about 20 jam; Cook IVF). The holding pipette for embryo used was 
prepared by thinly drawing a micro glass tube (outer diameter of 1 mm; NARISHIGE) by 
using a device for preparation of microelectrodes (model P-98/IVF; Sutter), cutting the 
extended tube with a microforge (De Fonburun) at a position where the outer diameter is 
50 to 100 |^m, and further processing it to narrow the gauge thereof down to 10 to 20 jam. 

Both of the injection pipette and holding pipette were bent to an angle of about 
30 degrees at the position of about 5 mm from the tip, and then attached to a 
micromanipulator (LEITZ). A depression glass slide to which the cover glass is glued with 
yellow wax was used as the chamber for manipulation under the microscope, and two drops 
of Hepes-buffered Whitten's medium containing about 20 jal of 0.3% BSA were separately 
placed thereon. The surfaces of the drops were covered with liquid paraffin (Nacalai tesque; 
261-37 SP). About 100 ES cells were placed in one drop, and 10 to 15 expanded blastocysts 
in the other drop. 10 to 15 ES cells were injected into each embryo. 

All microscopic manipulation was carried out under the inverted microscope. After 
culturing for 1 to 2 hours, the manipulated embryos were transplanted into the horn of uterus 
of ICR recipient females on the second day of pseudopregnancy. When no newborns were 
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delivered on the expected date of delivery, the recipient female mouse was subjected to 
Caesarean operation, and foster mothers were used to take care of the newborns, 

ES cells of clone 358 were injected into 59 blastocysts from C57BL/6J mice. Among 
the 59, 55 blastocysts survived (success rate = 93%). These 55 blastocysts were transplanted 
into the horn of uterus of ICR recipient female on the second day of pseudopregnancy, which 
resulted in 28 newborns. The fur color of portions derived from the recombinant is a wild- 
type color and that in portions derived from the C57BL/6J mouse is black. 23 out of the 
resulting 28 newborns were judged to be chimera mice according to the fur color. 21 out of 
the 23 were morphologically male. Based on the fur color patterns of these chimera mice, 
the percentage of contribution of the ES cell ranges from 20 to 100%; there were 2 cases in 
which the contribution was less than 60%; 4 cases with a contribution of 60% or higher and 
less than 90%; 1 5 cases with a contribution higher than 90%. Similarly, chimera mice were 
also prepared from ES cells of clone 236 and clone 256. The result obtained for the 
preparation of chimera mice is shown in Table 1 . 
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Table 1 
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Example 4: Evaluation of germline transmission of recombinant cells 

Each of the chimera mice prepared in Example 3 was mated with a C57BL/6J mouse 
in order to evaluate whether or not ES cell derived newborns are obtainable. When the 
germline cell in a chimera mouse is derived from the ES cell, then fur color of the newborn 
has a wild-type color, whereas the color is black when the germline cell is derived from the 
blastocyst of C57BL/6J mouse. 

Transmission of the ES-cell to the germline was verified in 6 animals (No. 358-1, 2, 
5, 7, 8, 13) of 16 chimera mice (No. 358-1 to 358-16) utilizing ES cells of clone 358. 
5 animals died before they reached sexual maturity, and they were excluded from the 
numbers above. The number of newborns having the wild-type color in the newborns 
obtained in these 6 mice was 7 in 9, 2 in 2, 3 in 14, 8 in 8, 5 in 16, and 2 in 1 1, respectively. 
Transmission of the ES-cell to the germline was also verified in 2 animals (No. 256-1 and - 
2) of 4 chimera mice (No. 256-1 to 256-4) utilizing ES cells of clone 256. The number of 
newborns having the wild-type color in the newborns obtained was 2 in 3 and 1 in 13, 
respectively. 

Subsequently, DNA was extracted from a part of the tail of 27 mice selected from 
mice having the wild-type color. Transmission of the mutated LKB1 allele was determined 
by PCR and Southern blotting. The result showed that transmission of the mutated LKB1 
allele was achieved in 10 newborns derived from clone 358 ES cell and one from clone 256 
ES cell (FIG. 9). 

The above-described result for transmission of the mutant allele is shown in Table 2. 
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Example 5: Inactivation of the LKB1 gene by Cre-loxP system 

ES cells carrying conventional gene deletion as well as ES cells carrying conditional 
gene deletion can be prepared by transiently expressing the Cre gene in ES cells (Taniguchi, 
M et al. Nucleic Acids Research 26: 679-680, 1998). The animal derived from an ES cell 
carrying the conditional-type deletion (type 2, FIG. 5) exhibits wild-type phenotypes; 
however, the LKB1 gene can be inactivated by expressing the Cre gene. 

Furthermore, this system can be utilized to disrupt functions of the LKB1 gene. It 
can be achieved by deleting the region covering exons 2 to 8 of the LKB1 gene specifically 
inserted between the loxP sequences in cells expressing the Cre gene, which expression of 
the Cre is achieved by mating the above system with a transgenic mouse in which the Cre 
gene is regulated by a promoter capable of regulating gene expression in a tissue-specific or 
phase-specific manner, or alternatively by infecting with a recombinant adenovirus capable 
of expressing the Cre gene. Thus, in the Cre-loxP system, the gene inserted between the loxP 
sequences can be deleted through recombination by expressing the Cre gene in ES cell, 
mouse individual, or mouse fertilized egg in a phase-specific manner or in a tissue-specific 
manner. 

Example 6: Preparation and the phenotvpe of LKB1 gene deficient mouse utilizing the Cre- 
loxP system 

In vitro fertilization (Toyoda Y et al., Jpn. J. Anim. Reprod. 16:147-151, 1971) was 
performed by using sperms from clone 358 male mouse, which was verified to carry the 
LKB1 mutant allele of ES cell, and eggs from C57BL/6J mouse to obtain the egg at 
pronucleus stage (at this stage, the LKB1 structural gene corresponded to the state of the 
recombinant allele described in FIG. 10). The plasmid pCre-pac in which the expression of 
the Cre gene is regulated by the MCI promoter (Taniguchi et aL, Nucleic Acids Res. 26:679- 
680, 1998) was injected in a circular form (Araki et al, Proc. Natl. Acad. Sci. USA 92:160- 
164, 1995) into the pronucleus of the egg at the pronucleus stage. The injunction was carried 
out with 86 fertilized eggs, and 75 of these eggs survived after the injection. Then, the 
fertilized eggs were cultured in Whitten's medium containing 100 |uM EDTA for 24 hours. 
61 eggs that proceeded to the 2-cell stage were transplanted into the oviduct of recipient 
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female ICR mice on day 0.5 of pseudopregnancy. 12 newborns were obtained. All of them 
survived beyond the weaning period. DNA was extracted from a part of the tail from each of 
the weaned mice, and then tested by PCR to select animals in which a region from exon 2 to 
exon 8 of the LKB1 gene inserted between the loxP sequences was deleted. PCR was 
performed as follows: 

Primer set 

set A: MPJ69 primer (5'-CCTTTGGCTGCTGGGTGACTTCTG-3 ? , SEQ ID NO:20) 
and MPJ37 primer (SEQ ID NO: 18) 

set B: MPJ69 primer (SEQ ID NO:20) and MPJ56 primer (5'- 
AC AGAGCTCTCC AAGGGAGA-3 SEQ ID NO:21) 

Composition of the reaction solution 
lOx ExTaq buffer (TaKaRa) 5 |il 
2.5 mMdNTPs4|Lil 
ExTaq (TaKaRa)0.5 |il 
anti-Taq antibody (CLONTECH)0.5 jal 
20 j^M forward primer 1 |il 
20 jaM reverse primer 1 jxl 
sample 1 |il 
H 2 0 37 fil 

Reaction condition 

94°C, 2 min -* (94°C, 30 sec 68°C, 3 min) x 35 cycles 72°C, 10 min 

A band of about 2. 1 kbp was observed for samples from some mice by PCR with 
primer set A (FIG. 1 1 A). The size of this band was as expected for a DNA wherein the 
region from exon 2 to exon 8 inserted between the loxP sequences has been deleted 
(FIG. 10). These mice were judged to have the null allele and were used for the following 
analysis. In vitro fertilization was performed by using sperms from male mouse carrying the 
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null allele (heterozygous deficiency) and eggs from C57BL/6J mouse. The resulting 
fertilized eggs were transplanted into the oviduct of recipient female ICR mice on day 0.5 of 
pseudopregnancy to obtain newborns (Fl). Genomic DNA was extracted from a part of the 
tail from each of the Fl mice, and then the DNA samples was tested by PCR using the primer 
set B to select mouse with heterozygous deficiency to which the null allele had been 
transmitted (FIG. 1 IB). When primer set B was used, the size of band amplified from the 
null allele is expected to be about 1 .2 kbp (FIG. 10). Mouse individuals showing the band of 
this size were judged to have the null allele. The sequence of this 1 .2-kbp band was directly 
determined for some samples to confirm that the band is derived from the null allele 
produced by the expected deletion. Subsequently, in order to create F2 mouse homozygous 
for the null allele, in vitro fertilization was performed by using sperms and eggs from the Fl 
mice with heterozygous deficiency. Genotypes of the F2 mice prepared by transplanting the 
fertilized eggs in pseudopregnant female mice were analyzed by Southern blotting. Genomic 
DNA extracted from the tail of each mouse was digested with BamHI, and then was 
subjected to hybridization using probe 7 (FIG. 10) corresponding to a part of intron 8 as a 
probe. Probe 7 was obtained by the PCR amplification using LOXP3 S2 primer (SEQ ID 
NO: 17) and MPJ60 primer (5*-CTCTCCCAAACCCTCTGACT-3', SEQ ID NO:22), and the 
vector for homologous recombination (LT6) as the template. The hybridization was carried 
out by using ULTRAhyb™ (Ambion) according to the provider's instruction. It was expected 
that a band of about 2kbp placed between the two BamHI sites located in intron 7 and intron 
8 will be observed for the wild-type allele, and a band longer than 7kbp containing intron 1 
for the null allele due to the absence of a BamHI site in intron 7 (FIG. 10). A part of the 
results obtained by Southern blotting is shown in FIG. 1 1C. All the samples share the same 
band derived from the wild-type allele, and some samples shows the longer band 
corresponding to the null allele. The result of Southern blot analysis showed a ratio of 
55:90:0 for the number of homozygous mice with the wild-type alleles: heterozygous mice 
with a null allele: homozygous mice with the null alleles. The result revealed that the LKB1 
gene deficiency results in embryonic lethality in mouse. Accordingly, the LKB1 gene was 
considered to be an essential gene in embryogenesis. 
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INDUSTRIAL APPLICABILITY 
The present invention provides mammals in which the expression of the LKB1 gene 
can be artificially suppressed or is artificially suppressed. The LKB1 gene can be disrupted 
in a phase-specific or tissue-specific manner in the mammals of the present invention, for 
example, by using the Cre-loxP system. The present invention enables one to overcome the 
previously recognized serious problem of embryonic lethality caused by inactivation of the 
gene and, thereby, allows one to further analyze an object gene which functional analysis was 
previously impossible. The mammals of the present invention are expected to be highly 
useful as tools to reveal the onset mechanism of a variety of diseases caused by LKB1 gene 
deficiency, such as human PJS and cancers, as well as to develop therapeutic agents, 
methods, and so on for the diseases. 
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